cAB Y Electric Vehicle (EV)-Grid Analysis Modeling

Project ID: van028 PI: Bin Wang Team: Wanshi Hong, Alan Jenn*, Cong Zhang

r/rr>| ﬂ {wangbin, wanshihong, congzhang}@lbl.gov, ajenn@ucdavis.edu
Lawrence Berkeley National Laboratory; *University of California, Davis, 2022 DOE VTO Annual Merit Review

Project Overview Grid-Integrated Electric Mobility (GEM) Model Extension odel Re

— ~ - ~ TPy icro-mobility in GEM m I HDV fleet component stud \ccomg
Timeline 4 Budget ) Partners Truck electrification model Micro-mobility in G ode P y
. ' : . i ing- . onal | B 303002 et s 3 . icro- il ' ' -di ' ' i mption : . : :
Project start date: FY20 Total project funding: $750K Lawrence Berkeley National . Pl syt . Micro-mobility primarily serves short-distance trips (<10 miles) Parametric Assumptions | Nationwide 24 hour charging load profile
. Project end date: FY22 . Funding for FY 2022: $250K Laboratory (LBNL) v | Modal shift opportunities for trips from cars to bike are significant.  truckfracSAEV - proportion of shared automated trucks to meet
. Percent complete: 70% - University of California, Davis MIRSORAENEPATORY: ([ ScREsa =T | |G Gharging o total truck demand
\_ W, \_ ) \_ ) Freight truck o et wedh: it stations 100.0% . B B B E = E = « Penetration Rates S : 1%, 25%, 50%, 75%, 99% W vov o
flows - e B 90.0% _ 4 - Joi
( \ | capacity ST (e R 20,05 . Frelght components: g =:E§ o
. @@» [ Truck efficiency shapes 70.0% o Shared heavy-duty autonomous electric vehicles (SHAEVs): S g o
Barriers Addressed ' Lns’g; vy ﬂ Future grid P ila 60.0% o  Private owned heavy-duty electric vehicles: P=1-§ s o s
: : : . : - Y : R : drven vk 100K
- Methodology for evaluating the environmental sustainability and cost impact of mobility electrification/automation Deﬁ;rttllre -R scenarios *‘if.&‘, 50.0% < Human driven: H = 50% * P
schedules , . o
- Relating component-level technologies to national-level benefits SR Diesel Trucks : j ?23:{2: o ® Adtomated: 4 = 50% « P :
K / . ¢ & o 30.0% or
-~ DPF SCR g —  mode 20.0% Total number of chargers needed Peak charging load distribution
: < . Plant-level | 10.0% 4001 1 saev_cngr bC
. Hours of | _
MlleStOne FY'22 m O:Jergsutl)at?;z\élce | ' I emissions 0.0% . . . . . . . . . . iHDVChgrDC oo
Truck efficiency Tailpipe emissions 2 2 2 2 2 2 2 2 2 2 bike_Chgr_AC
2'- - : E E E E E ,,E, 5 E g g Ik Work_Chgr . SAEV_Load_AC
- __u_}‘ |; 5] 1)) - h N h ) < : a g - Public_Chgr < |:| SAEV_Load_DC
M I IeStone Status ®>ﬂ - J ) ) "'. bike m c:r Dsegwa: taxi thransit m walk g .. i Flome_Char %100- I HDV_Load_DC
5 200 A PublicPtrck_Chgr g bike_Load_DC
~dri i - i i i i . . . . . . .é WorkPtrek_Chgr % . Private_auto_EV_Load
FY22 — Q1 Incorpl\(l)\r(a(t)eTrl]_quaCnh _drlven _F(dee Eall Ope;al’gQ(;\S: GtEM based on best available data Complete Using HEVI-!_OAD tools, we haye finalized the freight elgctrlflcatlon . Decision variables for e-bikes : | oo g Private. auto, Truok Load
(e.g., , Chicago ride-share and Ride Austin) and automation representation into GEM model accounting for e ! 4/ q o PN Prate pumen.dven £V Losd
o _ _ _ infrastructure and fleet costs and demands constraints nergy charged/consume | Home_Char S
FY22 — Q2 Finalize freight truck charging demand scenarios Complete « Bike Costs (fleet, infrastructure, maintenance, demand g R . | | | e e o
e . . . . Demand Fleet components charge cost, ...) uekractonSAEYS [ omet o O veascimsati
FY22 - Q3 Finalize ride-hail, micro-mobility and CAV impact scenarios On Schedule .  HDV travel demand . Private owned heavy-duty . Fleet size Fleet size for all vehicle components Total cost
Complete integration of freight charging demand into GEM and generate results for net * Travel distance electric vehicles  Vehicle states (charging, moving, idle) | | = S
FY22 - Q4 emissions impacts; Complete analysis of human-driven and fully automated ride-hail On Schedule  Charging demand *  Shared heavy-duty | « Demand allocated 200 = A % e I B ot o e
with GEM and produce standardized outputs for use by other Analysis project teams autonomous electric vehicles . Number of chargers ) M Privete__numan_prevz0 [ prvte ek numan.PHEv2o 20001 = condheriet
(S HAEVS) g 150 - . Private__human_PHEV50 |:| Private_trck_human_PHEV50 fg . Cost: HDV Infrastructure
S |:| Private_auto_BEV100 . SAEV_BEV075 @ ;.
*>5 . Private_auto_BEV250 . SAEV_BEV150 é . COSt: Blll(e infrastructure
g 100- |:| Private_auto, PHEV20 . SAEV_BEV225 % . Cost: Prfvate Auto Infrastructure
G - d I t t d E I t - M b - I .t G E M M d I é:b |:| Private_auto_PHEV50 . SAEV_BEV300 § 1000 ! COSt: Prfvate Auto Fleet
rl | n e g ra e e c rl c O I I y 0 e G E M M Od e I Re s u It s |:| Private.trck_auto BEV600 |:| SAEV. BEVA00 Cost: Prfvate Auto Truck Infrastructure
50-—;f_ |:| Private_trek auto_BEVB0O |:| Ebike_BEV40 z:: ::::: :E:a:fz:vjielifrastructure
: - Approach i ili Accomplishments - 5 e oo PPV = o oev1000 _ Cost: Private human-driven Fieet
O bj ectlves - M Ic ro -m O bl I Ity stu dy S T - 0 . . . . . Cost: Private human-driven Truck Infrastructure
- t0.0L(;.ZS?..SO.?SO-QQ 0.01 Oi? ?_‘5 SOA7ESV 0.99 Cost: Private human—driven Truck Fleet
. . . . . . . . . ruckfractionSAEVs truckfraction S
o Estimate the cost and benefits from integrated transportation & power systems from plug-in electric vehicles Parametric Assumptions
o Impact on grid operating cost « Car to e-bike mode shifts — biketocarfactor * [3.6%, 1.3%, 0.5%, 0.4%, 0.2%)] ’ Major aCCOmpliShmentS Accomg
. : In distance bins: 0-2 miles, 2-5 miles, 5-10 miles, 10-20 miles, 20+ miles
o Impact on fleet and charging infrastructure requirements ! ! ! ! y At .
Pact of | JING INIFASTHELIrS TEGHUITE _ , + biketocarfactor: 0.5, 1, 5, 10, 20 ) | * Publication progress:
o Accounts for charging profile and load flexibility within existing and emerging modes of transportation + 4 bikes per charger with 1TKW charger level of up to 40 miles battery capacity | craueatey L o Tong, Fan, et al. "Energy consumption and charging load profiles from long-haul truck electrification in the United
o Shared Automated Electric Vehicles (SAEVs) Total number of chargers needed Peak charging load distribution ; States.” Envir o-nmental Resea.ar ch- Infrastructure and Sustainability | | N
o Micro-mobility (e.g., Bikes and E-bikes) 200 | | o Sheppard, Colin JR,. et.al. Prl\./a’Fe versus shared, autpmated ?Iectrlp vehicles for _US personal mobility: energy use,
b reenhouse gas emissions, grid integration, and cost impacts." Environmental Science & Technology
Freight Truck Medium/Heavy Duty Vehicl B oo : > ore =S
o Freight Trucks (e.g., Medium/Heavy Duty Vehicles) » 1501 I : i o Tong, Fan, et al. "Health and climate impacts from long-haul truck electrification." Environmental Science & Technology
o Minimize system costs across both transportation and power sectors g IbikGCh;Ac 3 1001 iiiﬁitﬁ:ﬁi’;‘é MN@ MN o Another article has been drafted and will undergo an external peer review process
NHTS Mo Mobity ; u :Z:f}f:ii : Z?ev_‘ffff_ff T ke T T + Open access version of GEM:
Gaiiokiei = 50 apuwcmrekcmr o e s E-bike fleet size & charger distributions o GEM model with passenger mobility has been uploaded to GitHub
Lol HomePtrok_Chor X-axis is U.S. Grid Geographical Region by Urban/Rural o User tutorial with example setup and example dataset are provided
HT. - EVI-P arger istribution 01 .. .
o e | CGEM *{ ' Charging Dispatch S - — g — | | | | Y-axis is Number of Chargers and Total Fleet Size
LDV Generator Dispatch biketocarfactor 0.5 1 ieocsa ctor 10 20
EPA NEEDS & i . Electification Cost e S U mm a I'y & F U t U re WO rk
EGRID il - i 1
4 Fleet size for all vehicle components Total cost _ : : : S : :
Sieeiign - S GEM model now has the capability to analyze, in o ge ] Approach — Outlined technical details of optl.mlz.atlorT and a§SOC|ated constraints of the .s.yste.m
Literature it detail, the impacts of automation technologies and .... H -..-! M o crowr « Technical Accomplishments/Progress — Finalized integration of long-haul truck electrification, human
Vel electrification of LDVs, HDVs, and the micro-mobility 8 . - H oo 2 Cos oV e - driven ride hail, micro-mobility, and grid modeling
sector, including assessing differing charging profile 2 E 5 | « Collaboration — Partners with universities and other national labs
HDVs . - i ) . @ rivate_trck_PHEV50 @, Cost: H‘DV Infrastructure 504 . . . i i i
CSTOMCSFFM [——{  HEVI-LOAD »| Electifcation scenarios and understanding grid interactions, 2. Iiiiﬁiiﬁ?ﬁi § o DS » Relevance — Extending VTO Benefits Analysis to include the upstream costs and benefits of EVs to the grid
? . . . . . | | — — E— SAEv:BEV225 500 1 m Cost; Private Fleet 0 . | |
o mgleling velreis gr!d MEMEgEME §trateg|es 8 | cost vt Tk e - Resources -- Given our current resources we have been successful at accomplishing our goals to date
*| " Ride-Hai address transportation-related load increases. e ) — — E ] oot Prvate Tk F L , , e , | _
] ——— —— i Ebike_BEV40 T T T T 24-hour e-bike movement profile * Future work — Finalize ride hail and micro-mobility impact scenarios (Any proposed future work is subject to change
biketocarfactor HDV-BEV0250 . biketocarfactor based on f Unding IeVeIS)




